SYSTEM AITOMETHOD FOR UTIliZING RAINWAre 
C01I£CTED AT BUILDINGS 
• . nT?n.c;S-T?RFF.REy^^ PRTATED APPLICATION 

TlHS appUcationiS adivisional of Application No. 09/842,378, filed April 25, 2001, the 
. disclosure of which is incoiTOrated by reference in its entirety. 

■ BACKGROUND QF.THE INVENTION 

1 Field of the Invention ' . 

" . i.t»c tn a <?vstem and a method for making use ot 

The present invention relates to- a system anu 

rainwater falling on and collected at houses and buildings. 

10- 2. Description of the Related Art 

a, most abo°ut 34*. To water is c^mpaied to spong. having a number of »r 

,aps in- it SiBCC water nroleo^les are chenaical con,pounds consisting of oxygen anc 
hydroge.;.hey attract both catioos Cpositive ions) and anions (negative iot.). and ^t^^ 

15 various substances in the gaps among the waternaolecules. . ' 

Water is categorized as a solvent with a property of dissolving materials very 
' : well' on the other hand, most materials existing on the earth are categorized as solutes 

that'aresolubleinwater. AS commonly understood, .^ater", indudingthe-tapwater, .a 
■ mixmre of solvent (i.e., a gathering of water molecules) and solutei, such as mmerals. 

' -P,,. water" is artificial water, which is produced by physicaUyfiltermg water, 

i e a mixture of water molecules and various .solutes, and removmg such solutes^and 

■ impurities. Pure water has a hi^ absorbency, which is an essen.^1 d-ent of tts 
taction as a solvent: Pure water is caled -hungry water., because of its absorbency, and 

' la used to rinse IC substrates because of its cleansing ability. P^e water is also used as a 
.5 'raw material for drinMng water and various beverages because it contains few 
topurities or solutes. .Ihus. pure water has been broadly applied to various uses tn these 

years. j +c 

While pure water is an artificially filtrated product, rain and snow axe products ■ 

of the nature and closest to.pure water because they are gatherings of pure water 
30 molecules evaporating.m the atmosphere. • 
The .quantity of solutes contained in a unit volume of water is expressed .as 
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oategorizcdassoftwa.erco„.ammgfowsolu.«byg ^ 

• r» — -r : ^ ^ - - 

ea,cgonz«i as hard water. T ^^^^^^^^ 

is, pure water. fSUrnte or ourifv, and the 

The less solutes contained in water, the easier it is to filtrate or punty. 
The less soiu f. i ^Worine or other chemicals. Accordingly, 

^r. possible . .ea. wiU,ou. harrr-M ^ 

^r car, be recycled in.o safe natural water. Such recjcte 

a---------'~::::i::r:arrLra„^ 

long as a reUable filtering means is used and the quauiy 

rlatcr can be optinraUy used in various way. including waterurg garden plants. 
„3shingcars,sani.ary wate^Htchenwateranddrimdngwater^ 

1 .n;rr:"r::— . - optimum 
:::::: :r — - - — --^^ 

rainwater has not been considered sufficientiy. 

SUMMARY OF THE INVENTION 

rainwater. THe stored rainwater is then taken out of the storage 

30 pumping for actual use. „t.r k collected from the roof 

In another method of utilizing rainwater, ramwater is collected 



surtace of a bmldtag or house through a gutter. A pr«le.ernuned amount of uuttal 
• precipitation is removed or thrown away, and the subsequent rainwater is supphed to a 
purifier, in which the rainwater is subjected to pH adjustment and sterilization, m 
purified rainwater is supplied to a storage tank, m water level of the storage tank rs 
5 monitored, and if the water level reaches fl.e prescribed upper limit, the rainwater rs 
prevented tom entering the purifier or the storage tank. 

In still another method of utilizing rainwater, rainwater is coUected from the 
roof surface of a building through a gutter. A predetermined amount of imttal 
. precipitation is removed or thrown away, and the subsequent rainwater is supphed to a 
0 purifier, in which tt-e rainwater is subjected to pH adjustment and st^ilization. m 
purified rainwater is then suppUed to a storage tank. The water level of tt.e storage tank 
is monitored, and if the water level reaches the prescribed lower limit, a prede,em.med 
amount of tap water is suppUed to the storage tank in order to keep tt>e water level at a 
certain level 

15 The second and third methods may be combmed. In this case, those Steps up to 

the supplying the purified rainwater in tt,e storage tank are the same. Both the upper and 
the lower limits of water level of the storage tank are monitored. If the water level 
riches the prescribed upper limit, no more rainwater is supplied to the purifier or the 
storage tank, and if the water level reaches tire prescribed lower limit, a predetem^ed 
20 amount of tap water is suppUed to tiie storage tank. 

In any one of the above-described metirods, rainwater is subjected to a 
prescribed physical filtraUon at or before the mlet port of the purifier, m purificaUon 
st«> includes neuttalizadon of acid rainwater by, for example, pH-adjustment, and 
sterUization using active oxygen species (or fiee radicals) produced by decomposition of 
25 aqueous hydrogen peroxide. 

Preferably, the residual active oxygen species remaining in the punfied 
rainwater is decomposed or eliminated in the storage tank using, for example, secondary 
reactive catalyst. 

Preferably, before tire purified rainwater is suppUed from the storage tank for 
30 indoor use, an active charcoal filter and a sediment filter further filter ttte purrfied 

rainwater. 
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• • In another aspect of the invention, a system for utilizing rainwater faUing on 
■ buildings and houses is provided. The system comprises a means for removing a 
predetermined amount of initial precipitation from rainwater collected from the roof of a 
building through a gutter, a purifier including a filter and a sterilizer, and a storage tank 
i for storing the purified rainwater. The purifier receives rainwater, from which the initial 
precipitation has been removed. The filter of the purifier filters the rainwater physically, 
and adjusts the pH value of the filtered rainwater. The sterilizer sterilizes the filtered and 
pH-adjusted rainwater using active oxygen species (i.e., free radicals) produced by 
decomposition of aqueous hydrogen peroxide. 
0 Another type of rainwater utilization system comprises an initial precipitation 

collection tank, a purifier including a filter and a steriUzer, a switching valve, a storage 
tank for storing purified ramwater, and a level sensor for sensing the water level of the 
storage tank. The initial precipitation collecting tank temporarily stores a predetermined 
amount of initial precipitation of the collecting from the roof of the building. The filter 
.5 of the purifier carries out physical filtration and pH adjustment, and the stenlizer 
sterilizes the filtered and pH-adjusted rainwater using active oxygen species (i.e., free 
radicals). The switching valve switches the water path between the initial precipitation 
collection tank and the purifier. To be more precise, if the water level of the initial 
precipitation collection tank reaches a predetermined level, the switching valve closes 
20 up so that no more rainwater flows into the initial precipitation collection tank, and 
instead, that the subsequent rainwater flows into the purifier. The level sensor provided 
to detect the water level of the storage tank is comiected to and cooperates with the 
switching valve. If the level sensor detects that the water level of the storage tank has 
reached the upper limit, it causes the switching valve to switch the water path and guide 
25 the rainwater into the initial precipitation collection tank. 

StiU another type of rainwater utilization system comprises an initial 
precipitation collection tank, a purifier, a storage tank storing purified rainwater, a tap- 
water supply pipe equipped with a tap-water supply valve, and a level sensor for sensing 
the water level of the storage tank. The initial precipitation collection tank temporarily 
30 stores a predetermined initial amount of rainwater collected from the roof of a building 
through a gutter. The purifier receives the subsequent rainwater after the initial 
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precipitation has been removed into the initial precipitation collection talk. The filter of 
the ptmfier cames out physical filtration and pH adjustment, and the sterilizer sterilizes 
the filtered rainwater using active oxygen species (i.e.. fiee radicals). The level sensor .s 
connected to and cooperates with the tap-water supply valve. If the level sensor detects 
the water level of the storage tank having reached the prescribed lower limit, it causes 
the tap-water supply valve to open m order to supply a predetermined amount of tap 

water into the storage tank. 

Still another type of rainwater utilization system is provided, which detects 
both the upper and the lower limits of the water level of the storage tank to adjust the 
water flow in the system. The system comprises an initial precipitation collection tank, 
a purifier including a filter and a sterilizer, and a storage tank for storing punfied 
rainwater, as in the above-mentioned systems. Hus system also comprises a first valve 
for switching the water path between the initial precipitation collection tank and the 
purifier, and a second valve provided to a tap-water supply pipe extending from the 
storage tank. An upper limit level sensor is com^ected to the first valve, and a lower 
limit level sensor is comiected to the second valve. If the upper limit level sensor detects 
that the water level of the storage tank has reached the prescribed upper limit, it causes 
the first valve to switch the water path from the purifier to the initial precipitation 
collection tank. Upon switching the water path, the rainwater collected from the roof 
flows into the initial precipitation coUection tank, and no more rainwater flows mto the 
purifier. K the lower limit level sensor detects that the water level of the storage tank has 
reached the prescribed lower limit, it causes the second valve to open in order to supply 
the tap water into the storage tank. By filling the storage tank, which is short of water, 
with the tap water, the water level of the storage tank is kept at a desired level. 

in the above-described systems, the initial precipitation collection tank may 
have a timer and a drainage valve in order to drain the initial portion of rainfall away 
from the tank after a prescribed tune period. 

Preferably, the filter has a physical filtration screen for filtering the rainwater 
collected from the roof, and a pH-adjusting agent for adjusting the pH value of the 
ramwater for neutralization because the collected rainwater is generally acidic. The 
sterilizer contams aqueous hydrogen peroxide and a primary reactive catalyst in order to 
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produce active oxygen species (i.e., free radicals) through . decomposition of the 
hydrogen peroxide. The active oxygen species are used to sterilize the filtered rainwater. 

The storage tank contains a secondary reactive catalyst that reacts with the 
active oxygen species (i.e., free radicals) remaining in the purified rainwater supplied 
from the purifier, and that decomposes or eliminates the residual active oxygen species. 
In the reaction, the secondary reactive catalyst decomposes organic substances, while 
producing oxygen. 

Preferably, the storage tank consists of multiple interconnected units or barrels. 
The number of units is selected depending on how much purified water is required to be 
stored. The storage tank is placed in the basement or buried m the ground. 

In the system that has both upper and lower limit level sensors, a back-up 
sensor is further furnished to the system. The back-up sensor is placed slightly higher 
than the upper limit level sensor, and is connected to both the switching valve (i.e., the 
first valve) and the tap-water supply valve (i.e., the second valve). If the upper limit 
level sensor is out of order, the back-up sensor detects the water level of the storage tank, 
and carries out the same operations as the upper limit level sensor. Namely, the back-up 
sensor causes the switching valve to shut off the water path to the purifier, and allows 
the rainwater to flow into the mitial precipitation collection tank. 

The upper limit level sensor is also connected to the tap-water supply valve. 
When the tap water is supplied to the storage tank because of the shortage of the 
purified rainwater, the upper limit level sensor detects the elevating water level, and 
causes the tap-water supply valve to close when the water level reaches the upper limit. 
As was mentioned above, if the upper limit level sensor is out of order, the back-up 
sensor detects the elevating water level, and causes the tap-water supply valve to close. 
In this manner, the water level of the storage tank is kept in the desirable range. 

The system has a pump for pumping the purified rainwater from the storage 
tank for various uses. Preferably, an activated charcoal filter and a sediment filter are 
provided at or after the outlet port of the storage so that the purified rainwater is fiirther 
filtered before being used indoor. 



BRIEF DESCRIPTION OF THE DRAWINGS 



other objectives and advantages will be apparent from the following detailed 
description of the invention in conjunction with the attached drawings, in which: 

FIG. 1 schematically Ulustrates an example of rainwater utilization system 

5 according to the invention; 

FIG. 2 schematically illustrates the water coUectmg container and the initial water 

tank used in the system shown in FIG. 1; 

FIG. 3 schematically illustrates the essential portions of the system shown in 

HG.l; 

10 no. 4 illustrates another structure of the essential portions of the system shown in 

HG.l; 

FIG. 5 schematically iUustrates an example of the purifier of the system shown in 

no. 1; 

mG. 6 illustrates an example of storage tanks used in the system shown in FIG. 1; 
15 FIG. 7 illustrates an operation flow for removing a predetermined amount of 

initial precipitation; 

FIG. 8 illustrates an operation flow of purification of rainwater; and 

FIG. 9 illustrates an operation flow of supplying purified water from the storage 

tank. 
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DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS 



The preferred embodiments of the invention will now be described in detail 

with reference to the drawings. 

FIG. 1 illustrates the overall structure of rainwater utilization system 1 of the 
invention, which is applied to a residential building. The system treats the rainwater that 
has fallen on the building so that it rainwater becomes suitable for both outdoor and 
indoor use. Outdoor use includes watering garden plants, washing cars, and other 
incidental tasks. Indoor use includes bathroom, laundry, sanitary, and kitchen purposes. 
30 The rainwater falling on roof 2 flows into gutter 3, and is collected in the 

container 10 placed under tiie eaves. A strainer 11 is furnished in the container 10. An 
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initial pipe 12 extends from container 10 to initial precipitation collection tank 20, and 
is equipped with a switching valve 15. The initial precipitation collection tank 20 and 
the switching valve 15 are provided for purposes of separating a predetermined quantity 
of initial precipitation from the rainwater coUected from the roof 2. In other words, the 
initial precipitation collection tank 20 is adapted to receive and temporarily store only 
the initial portion of rainfall via the switching valve 15, which is open in order to 
remove the initial precipitation. 

FIG. 2 illustrates a detailed view of the initial precipitation collection tank 20 
and the switching valve 15. The initial precipitation collection tank 20 has a capacity of 
storing a predetermined quantity of rainwater, dependent on the roof surface area. The 
capacity can be, for example. 200 to 500 Uters, or alternatively, the first 2mm to 3mm of 
precipitation depending on the area of the roof 2. The switching valve 15 is open when 
the initial portion of rainfaU is guided into the initial precipitation collection tank 20 
from the container 10. A level sensor 21 is furnished to the initial precipitation 
collection tank 20, and is connected to the switching valve 15. If the level sensor detects 
that the water level of the initial precipitation collection tank 20 has reached the 
prescribed level, it causes the switching valve 15 to close up and prevents the rainwater 
from flowing into the initial precipitation coUection tank 20. Preferably, the switching 
valve 15 is controlled so that it automatically opens if a failure occurs to the system in 
order to guide the rainwater into the tank 20 and drain from the system without fail. 

The initial precipitation collection tank 20 is furnished with a timer 22 and a 
drainage valve 23. The timer 22 is activated when the level sensor 21 detects that water 
level of the initial precipitation collection tank 20 has reached the predetermined level. 
After a preset time period (e.g., 10 hours to 120 hours), the drainage valve 23 opens to 
drain the initial precipitation from the initial precipitation collection tank 20 in 
preparation for the next rainfall. The initial precipitation collection tank 20 is also 
furnished with an overflow pipe 24 and a hand-powered valve 25 for manual drain. 

As illustrated in HG. 1, tiie initial portion of rainwater temporarily stored in tiie 
initial precipitation collection tank 20 can be recycled into a biotope or infiltration 
trench in the garden or the backyard. 

HGs. 3 and 4 illustrate how tiie rainwater is guided to purifier 30 and storage 
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tank 60. In the example shown in HG. 3, an inlet tube 16 is bypassed from the initial 
pipe 12, and leads to the purifier 30. When the switching valve 15 closes up, the 
subsequent rainwater coUected in the container 10 is allowed to enter the purifier 30. 
The purifier 30 is a two-stage purification system, and comprises of a filtering tank 40 
and a sterilization tank 50. The inlet port of the filtering tank 40 is positioned higher 
than the outlet port in order to guarantee one-way flow into the sterilization tank 50. 

The example illustrated in HG. 4 uses a strainer 115 in the initial container. 
The strainer 115 has a tilted surface with respect to the direction of the rainfall. The 
tilted surface of the strainer 115 is, for example, a metallic mesh. At the beginning of 
rainfaU or if the rain slackens, the raindrops flow along the tilted surface of the strainer 
115, and are coUected in the initial precipitation collection tank 20. If the rain becomes 
heavier, the raindrops penetrate the strainer 115, and flow into the purifier 30. In this 
example, a manually operated valves 55 and an overflow outlet port are furnished 
between the purifier and the storage tank, so that if the water level of the storage tank 
reaches the upper limit, the valve 55 is closed manually, while excessive rainwater is 
drained. The valve 55 may be positioned before the purifier 30. 

FIG. 5 illustrates the detailed structure of the purifier 30. The filtering tank 40 
is furnished with a metaUic screen 41 having a number of holes with a diameter of, for 
example, 0.75mm, and a pH-adjusting agent 42. The metalUc screen 41 physically filters 
the rainwater suppUed from the inlet pipe 16. The pH-adjusting agent 42 is placed on the 
bottom of the filtering tank 40 in order to neutralize the rainwater. Rainwater is 
generally acidic with a pH value of about 4.6. The pH-adjusting agent 42 is, for example, 
CaCOa, which brings the pH value of the rainwater to about 6. 

The sterilization tank 50 sterilizes the filtered rainwater using active oxygen 
species (or free radicals) produced by the decomposition of hydrogen peroxide (H2O2). 
Aqueous hydrogen peroxide is contained in a supply tank 51, which is connected to the 
sterilization tank 50. Solid catalyst grains are put into the supply tank 51. and start 
reacting with the hydrogen peroxide (H2O2) to produce pure oxygen (O2). This oxygen 
generates pressure, and pushes the hydrogen peroxide (H2O2) out of the supply tank 51. 
The hydrogen peroxide is constantly supplied to the sterilization tank 50 via a tube 
coupled with a primary reactive catalyst 52 placed on the bottom of the sterilization tank 
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50 Tbc hydrogen peroxide reacts with the primary reactive catalyst 52, and produces 
«.i,e oxygen spedes (or free radicals). During this reaction, oxygen is also produced 
because the acdve oxygen spedes turn into oxygen in a short time. The produced 
oxygen balances with the pressure from the supply tank 51. TTe primary reacuve 
catalyst 52 is, for example, annealed MnOj. 

In this mam>er, hydrogen peroxide is coustanfly suppUed from the supply tank 

51 to the primary reacUve catalyst 52 under a pressure balance between the oxygen 
produced in the supply tank 51 and the oxygen generated from the prhnary reacnv. 
catalyst 52. Hie leacdon rate, and the quantities and Ipercentages of the produced active 
oxygen species (e.g.. hydroxyl radical ( • OH"), superoxide anion radical ( • O, ), 
peroxide( • O,^')) are determined by the quantitative ratio of the hydrogen peroxide 
supplied to the sterilizadon tank 50 to the primary reacttve catalyst 52, d,e concentraUon 
of the aqueous hydrogen peroxide, the water temperature, and other factors. 

Among the active oxygen species, peroxide( • O.^-) has a high sterilization 

5 effect -tte superoxide anion radical ( • O.-) coagulates heavy metal ions, and the 
hydroxyl radical ( • OH-) decomposes organic substances. Although most of these active 
oxygen species turn into an oxygen molecule (O.) in a short tune, a certain quantity of 
active oxygen species remain in the rainwater. 

HG. 6 illustrates the storage tank 60. which receives the purified rainwater 

0 from the purifier 30. The storage tank 60 may be consist of intercom^ected multiple 
units (e.g., barrels or tanks), depending on how much purified rainwater is to be stored. 
Preferably, the storage tank 60 is placed in a basement or buried under the ground. Each 
storage tank 60 contams a secondary reactive catalyst 61, which promotes the 
decomposition and elimination of the residual active oxygen species remaining m the 

25 purified rainwater. During the reaction between the secondary reactive catalyst 61 and 
the residual active oxygen species, oxygen is produced and organic substances are 
decomposed, and convection is caused in the storage tank 60. The convection occurs 
because of the decomposition of the residual active oxygen spedes by the secondary 
reactive catalyst 61, which allows the purified rainwater to be kept clean and pure m the 

30 storage tank 60 for a long time, witiiout deterioration. 
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The last container of storage tank 60 is furnished with an upper limit level 
sensor 62 and a lower limit level sensor 63. A back-up sensor 64 is also provided 
adjacent to or slightly higher than the upper limit level sensor 62. The upper limit 
level sensor is- comiected to and cooperates with the switching valve 15. If the water 
1 level of the storage tank 60 has risen up to the prescribed upper limit, the upper limit 
level sensor 62 is activated, causing the switching valve 15 to open in order to aUow the 
rainwater to flow into the initial precipitation collection tank 20. The lower limit level 
sensor 63 is comiected to and cooperates with the tap-water supply valve 66. If the water 
level of the storage tank 60 has fallen to the lower Umit (which means that the quantity 
3 of rainwater stored in the storage tank has become the minimum acceptable amount), the 
lower limit level sensor 63 is activated, and the tap-water supply valve 66 is opened. 
Consequently, a required quantity of tap water is supplied into the storage tank 60. 

Tht upper limit level sensor 62 is also connected to the tap-water supply valve 
66. If the upper limit level sensor 62 detects that the water level has risen to the upper 
5 limit due to the supplemental tap water, it causes the tap-water supply valve 66 to close 
up so as not to supply the tap water into the storage tank any more. 

The back-up sensor 64 is used if the upper limit level sensor 62 is out of order. 
The back-up sensor 64 guarantees the operations of the system and prevents undesirable 
accidents. If the upper limit level sensor 62 can not detect the water level of the storage 
iO tank for some reasons, the back-up sensor 63 in turn detects the water level as having 
reached the upper Ihnit. Then, the back-up sensor 63 causes the switching valve 15 to 
open, or the tap-water supply valve 66 to close. 

Preferably, an overflow port 67 is provided to the upper portion of the storage 
tank 60 to drain the excessive rainwater out of the storage tank 60. 
25 In the preferred embodiment of the system 1, a pump 70 is provided to pump 

the purified rainwater from the storage tank 60 for indoor use. Preferably, a filter 80, 
which consists of an activated carbon fUter 81 and sediment filter 82, is provided after 
the pump 70. The activated carbon filter 81 is, for example, a commercially available 
20-inch filter for removing positive ions and the like. The sediment filter 82 is, for 
3 0 example, a 5 At m filter for removing solutes other than ions. 

Although, in HG. 6, indoor use is exemplified as sanitary use, the purified and 
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cliaicoal-filtered rainwater, which is purer and safer than the tap water, may be used for 

drinking, cooking, and other kitchen use. 

HGs. 7 through 9 iUustrate the operational flows of the rainwater utilization 

system shown in HGs. 1 through 6. 

When rainfall begins, the rainwater flows along the roof surface 2 and the 
gutters, and is collected in the container 10 placed under the eaves. The rainwater 
farther flows through the initial pipe 12 and is collected in the initial precipitation 
coUection tank 20 through the switching valve 15 that is in the open state (step SI). 

In step S2, it is determined whether the level sensor furnished to the initial 
precipitation collection tank 20 has been activated. If the water level of the initial 
precipitation collection tank 20 reaches the predetermined level that corresponds to a 
specified quantity of rainwater, for example, precipitation of 2 to 3mm, the level sensor 
21 is activated. 

Then, a signal is supplied to the switching valve 15, causing it to close up so as 
to allow the rainwater to flow into the purifier. At the same time, the timer 22 is 
activated (step S3). 

When a predetermined time period has elapsed (YES in step S4), the drainage 
valve 23 of the initial precipitation collection tank 20 is opened (step 55), and the 
temporarily stored initial rainwater is drained out of the tank 20 (step S6). 

FIG. 8 illustrates the operational flow of the purification and storage of 
rainwater, which continues from step S3 of HG. 7. Upon closmg the switching valve 15, 
the rainwater coUected in the container 10 is aUowed to flow into the purifier 30 (step 
Sll). 

The rainwater supplied to the purifier 30 is physically filtrated by the metallic 
screen 41 (step S12). Then, the filtered rainwater is neutralized by a pH adjusting agent 
42 placed on the bottom of the filtering tank (step S13). 

The pH-adjusted rainwater is then suppUed to the sterilizing tank 50 of the 
purifier 30, in which sterilization is carried out using active oxygen species produced by 
the decomposition of aqueous hydrogen peroxide (H2O2) (step S14). 

The sterilized rainwater is suppUed to the storage tank 60 (step S15), in which 
the residual active oxygen species remaining in the sterilized rainwater are decomposed 



12 



and eliminated using secondary reactive catalyst 61 (step S16). The reaction between the 
secondary active catalyst 61 and the residual active oxygen species produce oxygen, 
while decomposing the organic substances contained in the rainwater. For this reason, 
the rainwater stored in the storage tank 60 does not deteriorate for a long time, and can 
be maintained clean and pure. 

In step S17, it is determined whether the water level of the storage tank 60 has 
reached the prescribed upper limit. If the water level has risen to the upper limit, the 

upper limit level sensor 62 is activated (YES in step S17). 

The activation of the upper limit level sensor 62 causes the switching valve 15 

to open in order to allow the rainwater to flow into the initial precipitation collection 

tank 20. 

If the upper limit level sensor was not activated for some reasons (NO in step 
S17), in spite of the increase in water level, it is then determined whether the back-up 
sensor 64 has been activated (step S18). If the back-up sensor 64 has been activated 
(YES in step S18), the switching valve 15, which is connected to the back-up sensor 64, 
is opened to aUow the rainwater collected in the container 10 to pass into the initial 
precipitation coUection tank 20 (step S19). In this manner, even if the upper limit level 
sensor 62 does not work for some reason, the back-up sensor 64 carries out the required 
operations in place of the upper Ihnit level sensor 62, thereby guaranteeing the 

operations of the system 1. 

As illustrated in FIG. 1, the rainwater flowing into the initial precipitation 
coUection tank 20 can be recycled as irrigation for biotope or green field. 

FIG. 9 illustrates the operational flow of supplying the tap water into the 
storage tank 60 in times of a shortage of stored rainwater. As the purified rainwater is 
being used for various purposes, the quantity of the stored rainwater decreases, and the 
water level of the last container of storage tank 60 may reach the lower Umit (i.e., the 
minimum level), especially in a dry season. The system 1 of the present invention 
detects a shortage of the purified rainwater, and supplies the tap water m order to 
maintain the water level of the storage tank 20 at a desirable level. 

First, it is determined whether the lower limit level sensor 63 has been 
activated (step S21). K the water level of the storage tank 60 has reached the lower limit. 
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the lower limit level sensor 63 is turned on (YES in step S21). The activation of the 
lower Umit level sensor 63 causes the tap-water supply valve 66, which is connected to 
and cooperates with the lower limit level sensor 63, to open (step S22). Then, a required 
quantity of tap water is suppUed to the storage tank 60 (step S23). 
5 If, due to the supply of the tap water, the water level of the storage tank 60 

returns to the upper limit, the upper limit level sensor 62 detects the water level as 
having reached the upper level, and causes the tap-water supply valve 66 to close. This 
automatic closing of the tap-water supply valve 66 is monitored (step S24). If the tap- 
water supply valve 66 was not closed for some reason (NO in step S24), which means 
10 that the upper limit level sensor 62 did not work, the process proceeds to step S25, in 
which it is determined whether the back-up sensor 64 is activated. If the back-up sensor 
64 has been activated (YES in step S25), the tap-water supply valve 66 is shut to 
prevent the tap water from entering the storage tank any more (step S26). 

Although not illustrated in the drawings, either a control board or a computer 

1 5 program can control these operations. 

The purified rainwater stored in the storage tank 60 is pumped up for various 
uses. Although the purified rainwater can be used as it is because of its purity and 
cleanliness, it may be filtered further before it is used for kitchen purposes. For example, 
an activated carbon filter 81 can be used to remove positive ions and the like, and a 
sediment filter 82 can be used to remove solutes other than ions. The activated carbon 
filter and the sediment filter can be used in combination. 

The rainwater utilization system has various applications in a wide range of 
scales. Such applications include, but not limited to: 

(1) supplying household water for washing cars, sprinkling, watering garden plants 

25 (small scale); 

(2) supplying sanitary water used in bath rooms and for laundry (small or medium 

scale); 

(3) supplying water to a pond or biotope (in a small scale); 

(4) using rainwater as coolant in an air conditioning system or a heat exchanger 

3 0 (medium or large scale); 

(5) supplying Uving water used in a daily life for laundry, bathroom, and cleaning 
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(medium scale); 

(6) supplying kitchen water for drinking, cooking, dish washer, etc. (medium scale); 

(7) recycling rainwater in a hot-water system or a solar heater system (medium scale); 

(8) recycUng rainwater for sprinkling kitchen gardens and green house (wide range of 
scales); 

(9) watering potted plants or house plants (small or medium scale); 

(10) storing purified rainwater as emergency water life line as a precaution for natural 
calamities (medium or large scale); 

(11) using rainwater for &e fighting (large scale); 

(12) as a measure against water shortage (e.g., an infiltration trench for garden trees and 
plants, permeable water for preventing the lowering of groundwater levels, etc. wide- 
ranging scales); and 

(13) as a measure against flood (including infiltration trenches and reservoirs for urban 

systems) (medium or large scale). 

In the above appUcations, the rainwater drained from the initial precipitation 
collection tank or overflowing the storage tank is recycled for outdoor uses. On the other 
hand, the purified rainwater through pH adjustment and sterilization is suitable for 
indoor uses. In this manner, the invention can make best use of natural resources, 

positively utilizing rainwater. 

Although the invention has been described based on the preferred embodiments, 
the invention is not limited to these examples and many changes and substitutions are 
possible without departing from the scope of the invention, which is defined by the 
appended claims. 
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